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Abstract—Gathering functionally similar agent-based Web Challenges. Excellent reputation is a double sword; it
services into communities has been proposed and promoted on  prings high demands from users and results in overloading
many occasions. In this paper, we compare the performance —geyice providers. The challenge is to identify a tradeoff be-

of these communities with self-managed, single agent-based t ) it . b f . fferi
Web services from trust perspective. To this end, we deploy WEEN ONES capacity (maximum number of service offering

a reputation model that ranks communities and Web services at a time) and market share (number of users that request
with respect to different reputation parameters. By relating  service) so that an efficient service can handle the requests in
the parameters, we extend our discussion to analyze the g way that neither it gets overloaded quickly, nor it remains
beneficial cases and incentives for a single Web service to join idle. The ultimate objective of all Web services is to tackle

a community even if this joining could negatively impact other - - - . .
parameters. Besides theoretical discussions of this analysis, we such a tradeoff in which the service gains a stable reputation

discuss the system implementation along with simulations that and market share level. For a service (that could be a single

depict diverse parameters and system performance. Web service or a CWS) failing to respond with an acceptable
Keywords. Community of agent-based Web service, Trust, service quality (i.e., being overloaded) would cause negative
Reputation, Incentives. feedback and thus, reputation drop.

Contribution. In this paper, we investigate the incentives
that would make a single agent-based Web service join a
community. The join could be still preferable even under

The use of Web services is mostly motivated by develthe assumption that the further quality of service could
oping loosely-coupled, cross-enterprize business processbe decreased. We measure and analyze the benefits that
that process users’ requests. In this paper, each Web serviaesingle Web service gains once it joins a community. In
is associated with an agent that acts on its behalf anthis analysis, we measure the general service reputation by
oversees its performance, commitments, and availabilityonsidering two factors: satisfaction and inDemand. These
details [7]. Being overloaded, and hence poor responsivenes$actors are chosen to reflect the basic reputation assessment
are unavoidable facts that single Web services along witlof a Web service. However, more parameters could be
their associated agents should manage. A solution is tovolved without changing the main results of this paper, but
group similarly-functional Web services into communities they are considered here because of space limit. We represent
to improve their overall performance and/or availability [2]. the reputation as a result of gained feedback (via users) on
Each Community of Web services (CWS) is led by a mastegefficiency and accuracy of previous provided services. In
Web service, which is responsible for accepting or invitingour implemented system, we empirically elaborate on the
(hiring) new Web services to be members of the communityinter-relation between the two considered factors with the
and excluding or rejecting (firing) existing Web services.general reputation and show their impacts on each other.
Deploying such a community is more cost-effective andUsing these relations, we analyze the efficiency of CWS
thus, a proper management is required to handle communityompared to a single Web service in different aspects.
response. Recently, there have been few attempts to addressr comparison purposes, individual Web services are also
the formation of communities of Web services that we will considered as singleton communities. So the idea is to
discuss later in Section VI. Since handling users’ requestsompare communities having one (or very few) Web services
does not guarantee a high service quality, users alwaywith those having many.
consider the reputation of the service that could be provided Organization. The remainder of this paper is as fol-
by a single Web service or a CWS in their service selectiorfiows. In Section I, we define the reputation model using
process. The offered service is compared with the promisedome metrics and propose how they could be combined.
quality of service and a corresponding feedback is submitteth Section 1ll, we start the discussion about a CWS's
by the users. Therefore, Web services or CWSs receivperformance versus a single Web service performance in
continuous feedback on their performances. overall service quality. We elaborate on inter-relation of

I. INTRODUCTION



involved metrics together with general reputation and extract Satisfaction Metric: Let Sat{’t be a feedback rating value
their dependencies. In Section 1V, we extend our discussiofwhich is supposed to be betweénand 1) representing
to theoretical analysis of the incentive that a single Wehthe satisfaction of usej with the service regarding the
service has to join a community providing the same servicerequest he sent at timeto community:. Equation 3 shows
In Section V, we represent the simulation and outline thehe overall satisfaction of usef about community:. In
properties of our model in the experimental environmentthis equation,V; represents the importance of the service
Section VI discusses some relevant related work and finallyeceived at time. This importance would be represented by

Section VII concludes the paper. the service value or price.
Il. REPUTATION MODEL Gapltta) _ 12y, Sat]t x e M t2mx v @)
. . . . . i - t “A(to—
In this section, we introduce the reputation model, which 12y, €27V

is inspired by the one proposed in [6]. We discuss about th@. Metric Combination

opportunities that a CWS offers over single Web services |n order to compute the reputation value of a CWS (which

with respect to reputation-model parameters. For simplificais between0 and 1), it is needed to combine these metrics

tion reasons, in the remainder of this paper, we only conside:ﬁ étl_ IOafthltJlar WaY-tﬁ\Ctgfi”y,tthRIGSPIQHSlvefntehsm_d tSatlSt-_

users’ point of view (rather than users and providers) infaction Metrics are the airect evaluations of the Interactions
P ( P ) between a user and a CWS, whereasitillemandmetric is

reputation assessment. In order to assess the overall reDs assessment of a community in relation to other commu-

utation of a CWS, the user needs to take some correlategities [8]. In the first part, each user adds up his ratings
factors into account. In Section II-A, we present the involvedof the Responsivenesand Satisfaction metrics for each
metrics that a user may consider in this assessment. The#igeraction he has had with the CWS. Equation 4 computes
metrics are chosen with respect to their general impacih€ reputation of community during interval[t,, ¢o] from

n one’s reputation level. In Section 11-B, we explain the Sou ./ 3 point of view. In this equationy represents the
0 P ' ! P .~ maximum possible response time, so that if a community
methodology that the user uses to combine these metrics j

Hoes not respond, we would hawes”"*2) = 1 In the

order to assess the reputation of a CWS. equation 5, thénDemandmetric is added to consider the
reputation of community from users’ point of view, where

A. Metrics coefficientsn + x = 1 andx + ¢ = 1 are generic values.

Responsiveness MetriclLet i be the community that is it te Res?ltrt2] iilt1ota

under consideration by usgrResponsiveness metric depicts Rep) ™2 = (1 — — ) + kSat? 2] 4)

the time that a CWS spends to answer a request]?leei’t Lo

be the time that community takes to answer the request Repltt2l =y = > (Repg’[tlvfﬂ) +¢ InDI' 21 (5)

received at timet by userj (in the model proposed in [6], m

this is managed with master agent as a component in the

structure of the community). This time includes the time !ll. COMMUNITY OF WEB SERVICES VERSUS SINGLE

for selecting a Web service from the community and the WEB SERVICES

time taken by that Web service to provide the response back a general assumption in this paper is that Web services
to userj. Equation 1 computes the response time of the

community ¢, computed with usey during the period of are free to remain self—mdependent and .act mdw@ually or
: J,[t1,ta] to join a community at any tinte The question that arises is
time [t1,t2] (Res; ). : L AR
. why a Web service that could individually survive in terms
[1ta] S 2, Res?'xe of inDemand (receiving requests from the users) is encour-
Res]t ™ = - (1) ioi i i i
i 2 e A(ta—t) aged to join a community that would possibly degrade its
' _ reputation. The answer could be survival in the environment
Here the faCtOl’e_A(tf_t), whereA € [0, 1] reflects the time  is more critical than carrying on the current reputation level.
recency of the received requests so that more emphasis @so we would like to discuss about the incentive that this
the recent requests is leen-t” no request is received at gingle Web service has when it expresses interest in joining a
given timet, we supposeRes;” = 0. community. To begin our discussions, we first declare three
InDemand Metric: It depicts users’ interests in a com- d|ffelrent relatlons'that spemfy'the proportlon_al relevgnce
munity i in comparison to other communities. This factor is Of discussed metrics for a particular community (or single
computed in equation 2. Web service)i: 1) inDemand as a function of reputation
(InD!"" = T(Repl'>")); 2) satisfaction as a function of
@) inDemand Gat!"? = A(rnD"])); and 3) reputation
as a function of satisfactionRep! 2! = T1(Satlo™)y).

?

—A(ta—t)

tista] _ Reg,"*"!
M t1,t
PP Reql[cl 2l

In this equation, Req/""”! is defined as the number of , . ,
In this paper, only the join issue is being discussed. However, the issue

requests that has rece“/_e_d duringfy, t], Ef‘nd M _rePresentS of when join event can take place is another important challenge that is out
the number of communities under consideration. of scope of the paper.

InD!



FunctionsI” and IT are monotonically increasing, whereas capacities. If the first best community already reached the
the function A is monotonically decreasing. Considering capacity of its handling requests, there would be no room
the time stepgy < t; < t9, theinDemandduring period for new requests. Therefore, the best choice for the new
[t1,t2] is proportionally relevant to the obtained reputation atusers would not be the first best community, whereas it
time [to, t1] (i.e., high (or low) reputation durinfio, 1] will would be a community that might accept the request. In
increase (or decrease) inDemand duiffingt;] and so on for  equation 7, we estimate the expected number of requests
other functions). The reason behind elaborating these linkfor the community: during the period[t;,.] related to
between the parameters is the fact that a single Web servidhe capacity of the communityClap;) and how much its
can predict the expected parameter value in the future andkputation is greater or less than the average reputation in
thus, may change its decision for the current moment. Thesgeriod [t,¢1]. In this equation, the expected number of
relations enhance the performance of communities or Webequests are computed with respect to the fact that rejecting
services that analyze their current status in the environmentequests (that could lead to overloading state) are cascaded

A. inDemand and Reputation through users.

We adopt the assumption that the propagated reputation [Req!"™"?] = (1 + B;) x Cap; (7
of a community among users highly influence its selection. ) ) B
Normally users do not tend to always select the same Assume in general the capacity of the communities are_t_he
communities upon their need of a service and prefer to seekR2Me, SO we can consider a general value for the capacities.
the communities that fulfill their requirements at best. In fact,/V& can rewrite the inDemand value obtained in equation 2
the users select the best option for the first trial and if beind?y factorizing theC'ap; and replacing the expected requests
rejected (due to overloaded reasons) go to the second be8t equation 8. The obtained inDemand is the expected
choice and so on, which would guide many users toward§Umber of requests that are sent to the community given
the most reputable communities. Therefore, we define th&1at community: currently holds a particular reputation and
relation between the inDemand of a communignd show thus, a particula; value from previous interactions with
that over time the inDemand value approaches the portion dfS€rs-
community reputation to the sum of all other communities

Rep[to’tl]fRep[to’tl]
reputation. This means the more reputable a community is, InDltrt2l — Lt = ®)
the more inDemand it gets. Therefore, we define the relation ‘ Mo Rep|[0""1] Repl'o-"1]
of the inDemand of during the periodt,, t2] as the ratio o e M _
of the reputation value of the communityto the sum of all By multiplying the numerator and denominator of the

equation byM and taking out the constarit, we would

other communities reputation. gbtain the following equation.

In order to prove such approach, we need to define

new parameter in equation 6, which repre;ents the adjus'_ced L plttal _ M + Repltott) — —Rep[to,m
percentage over the requests for a particular community i M2+ M Repgo,tl] _ Q/I:IRTp[tO’“]

i in period [t1,t2] (8; can be positive/negative and is
corresponding to community). If the value is positive, this |n the denominator we can also simpnfiiil Retho,tl]
means _that the community was more reputable than many, 2{1@[%@1 as they both declare the total reputa-
others in the previous period, so the number of requestgon value for all communities. Therefore, the most sim-
towards this community would be most likely more than plified equation would be obtained in equation 9, where
the average of received requests and therefore, more thaT(RepEto’tl]) is monotonically increasing.

its capacity. Similarly, the number of requests towards the

. . - 1 Replto-ti] fRi[tU’tl]
less reputable communities are most likely less than their [nDMt) — (1 €P; ep )
capacities. This is fair in the sense that users by nature look ‘ M M
for the first best choice and upon rejection they move to other InDEtl,tz] _ F(Repgto’“]) 9)

possible choices. In equation 8/ represents the number

of existing communities an@ep" denotes the average
reputation among communities.

We can multiply the two sides of the equation by the total
reputation value for the communities (2, Rep, ")),

Therefore, we can just rewritﬂep[to’m when the total value

 Repl™™ — Rep""! is multiplied by --. To this end, we would obtain:
Bi = 7 (6) M
M [to,t1] P lto,t1]
y : — Replo™l R
%[io;tl] _ 2?21 Repg,to t1] InDZ[tl‘tz] Z Repgo‘tl] = Rep[to’tl](lJr Pi i i )
M k=1

The value3; acknowledges that highly reputable com- |n equation 6 we calculate the adjusted ratit) (of the
munities would obtain more requests, which overflow theirrequests for a particular communityWe also consider the



reputation of a community adjusted to the average reputa-

tion of communities, so that we substitufeep ™" (1 + Age; = |CT — ITi| p= o+ pln(Agei) (12)
[to.t1] _p—lto t1]

Rep; * 1]\736?.0 i ) by TRepEtO’tl] (where T > 0), which Considering the factop, we can now compute the pro-

would result in equation 10, and define the relation betweeRided service quality and consequently rate the obtained

the inDemand value of a community by its reputation amongsagisfaction from the served users. Equation 13 represents
all other communities. Basically this equation is obtained

over the assumptions that we made in computing the vaIuH1e prowded ql_Ja“ty of_serwce_PQoSi that communitys
3; as adjustment percentage and this is possible when tHovides for a fixed period of time servingsegments.
users network and communities are established and the

n—1 to,t i
reputations are already propagated so that the parameters PQosltot] — 2iso Segl®™) x QoS x 1! (13)
can be expected to be rationally set. : N S Geglto-t]
7=0 7
tq,t TR@p[-tO’“] : [to,t1]
[InD!""2)] = e (10) In equation 13, parametéfeg; °"' counts the number of

p—1 Repi users who received the sam®sS from communityi. For

B. Satisfaction and inDemand simplicity reasons we assume the case that the segment sizes

are the same (same as community capa€lty;). To this
In this section, we discuss the relation between satisfacend, segment siz8eg; could be factored out and therefore
tion and inDemand values for a typical communityln  simplified. QoS; is also fixed and could be factored out and
general,i is able to handle the requests submitted unless itherefore, we can rewrite equation 13 in equation 14, where
gets busy with an overloaded inDemand and thus, canndt represent the number of segments.
offer a good QoS to the number of users that exceeds to.r] _ @0Si PO
the community capacity. This chaotic situation would cause PQoS; - n 14

inefficiency in offering service quality and consequently lead \ne assume that being aware of the community’s public

to Qrop in the satisfaction value o_f the community that IS quality of service QoS; is a public value and represents the
assigned by users. We refer to this drop by the parametefyerage QoS of its Web services), a user that is requesting
f1, SO thatl — p represents the community drop factor. 4 service would be satisfied)0% subject to obtaining the
Obviously different communities have different drop faCtorS-promiseonS (what is obtained is the same as what is
For instance, the old communities are the ones that are moig.onsed). Similarly, the user would be less satisfied if the
familiar with the network of users and thus, the chaot|cQos is decreased hy. Here we calculate the fair feedback
situation would less affect them (small drop factor, i.e., highgt such user tou as the provided quality of service@oS; x

fu value). This is due to the fact that a typical community , The obtained satisfaction for each group of users with
i with a capacityCap; serves the first group of users (with he same served quality is considered the same. Thus in
quantity of Cap;) with its actual quality of servicefoS;)  equation 15, the obtained average satisfaction value in period
and the second group Gfap; users withQoS; > i, the third 1, 41 js computed as the sum of all the provided feedback

group of users wittQoS; x 42, and so on. Therefore, in the i 3 similar way and written as a monotonically decreasing
community in which the drop factor is smaller, the vajuss  ¢,1ction of inDemand A(InD[tO»tl])) in period [to, t1].
closer tol. The settled community'§oS is the average of ‘ ’

its composed Web services (equation 11). In this equation, Z?;ol w 1!

g . : Satl'ttz) = (15)
the valueQoS;; indicates the quality of represented service K n n(l — u)
by the Web service that belongs to communityandm is Inpltot1]
the number of Web services belonging to community where n = ”07 = Satl'2l = A(InDlo"))
ap;
QoS; = M 11) C. Reputation and Satisfaction
m

) ) In this section, we discuss the relation betwderp and
We compute the age of a community relative to the agesqt parameters. In equation 4, we define how reputation
of all other communities. Equation 12 computes the age ané formed regarding the responsiveneRss and the ob-

drop factor of communityi as the non-zero difference be- tained satisfaction of a communityat. In equation 15,
tween the current tim&7 and the community initialization W& compute the obtained satisfaction with respect to the

. . . fact that the busy community starts decreasing its qualit
time IT;. In equation 12,a represents the best handling 5nq thys becomgs less repl)J/tabIe for users. ﬁow v?/e di)s/—

parameter, and depends on the service time and loadingiss how the responsivenesie§) value is computed. In
time (the assigning time that the master of CWS would takeequation 7, we estimate the expected requests (that are all
to assign a proper Web service to a given user's requegccepted with the community) with respect to the vatlie
— loadingTimey The valuey is generic and depends on &S adjustment percentage over the average reputation of a
serviceTime : ” . community. In general, the responsiveness of a community
the loading time and.envwonmen.t st§b|l|ty, which reflects;g computed as a percentage of the accepted requests to
how crowded the service request line is and how easy CWSge total filed requests from users in a specific time period
handle user requests. (T'Req). Equation 16 computes the aforementioned portion



for a typical communityi. In equation 16, the parametér ance its obtained inDemand and capacity would manage high

is the percentage of the total requests that are attracted ferformance. In equation 18, we formulate the aforemen-

communitys. Basically we declare that is the portion of .. ; P [to,t1] )
users that know community(either they are in his network tioned p[(?rfg]rmance function co_nadenﬂgDi » Capi,
L or indirectly connected). and Rep; °""' parameters. In this equation, the parameter

! wRep!'"! is the weighted reputation value of the com-
(A + i) x Capi where 0 — L +6 (@e) Mmunity. Coefficiente reflects the importance of reputation
0 x T'Req d factor in the performance. In this equation, a community
Consider equation 4, the community would get morethat holds a high reputed community and also manages to
reputation if theRes value is less. This is generic in terms provide a balance between ifs.D and Cap, can range an
of time. However, here we address this issue in terms of thacceptable performance.

percentage of accepting the filed requests. To this end, if

Res; =

the community is accepting more than its capacity, the value wRep!'0*1] if InDl" £ Cap,:
Res would be high and therefore, the totatp value would P = IInDE“E:li—]Caml’ _ o T (18)
decrease. Therefore, in equation 17, we present the obtained wRep; ! if InD;*"™ = Cap;.

reputation of community during[t;, ¢2] as a monotonically P, is a heuristic that we use to reflect communities’
increasing function of satisfaction during, ¢1]. successes since they have been initialized. Since the master
oversees the community progress, a good decision making
mechanism is needed to enhance the efficiency of active
IV. THEORETICAL ANALYSIS OF JOINING BENEFIT communities. To this end, masters of communities would
8Iways compare their performance values with their previ-

In this section, we summarize the predefined relations anously rated values in order to figure out the extent to which

conclude W't.h  a deC|§|on making strategy, which .enableﬁhey are progressing. The comparison of these values are
the communities of single (or even few Web services) to

estimate their benefits in terms of joining another IargeraISO happe_nlng when a commumty t_hat |s_n0t progressing
eeks to join another community hoping to increase or keep

community. In order to estimate the aforementioned benefliS current value. We measure the benefit as a difference

and thus, enable communities to make decisions based on't eetween the values of future and current state. To this end,

benefits they gain, we need to define a performance functiO{‘h - - g
) ) e communities are encouraged to join other communities
that measures the extent to which a community acts success;

L , -Wwhen they observe a continuous decrease in their current
fully. Then maximizing one’s performance, the community
would decide what course of actions to choose (join a large
community or act self-independent). Considexs a typical
community with a current performancg. We call “join”
a beneficial act once communityjoins another community "
et a positive slope.

and as a result_its performanc_e g_ets increased. Likewisg, Consider the community (with cardinality |i| that could
we have the notion of degradation in performance and thate one) that seeks to join another communijty(with
happens when a community could not stop decreasing itsardinality |j[). Here we analyze the reasons and cases
performance (either by carrying on the same strategy or aftdhat would make this join possible. Also, we elaborate the

choosing an action like “join”). In addition, we consider aS€S that would make the join inappropriate. Obviously
’ a community: would consider the choice of join only

a performance loose when a community cannot optimallyyhen the performance gets increased once the join is done.
use its allocated resources (Web services). In this case, Since the decision of join might end up with join denial,
number of Web services are not engaged upon user requeste address the performance after the join as the estimated

and thus, the master of the community should lay off someperformance value and denote it By .; (P; < P;_; if join

Web services to avoid decreasing performance. Of coursé to be done). To this end, communitonsiders to joiry
the extent to which a community is committed to satisfy ©1ce the following inequality holds. Obviously, community

X ts d d h ful th '?z as a bigger community needs to consider acceptance or
USErs' requests depends on Now successiul the communipdiaction of;'s request for join, but because of lack of space,

was in terms of quality of service and quick response to thenore details about these issues are omitted.

Rep{+") = T1(Satl'o") 17)

Performance values. The decrease reflects the failure of the
community in its action among other communities, and

thus the community is encouraged to seek to join other
communities so that the performance function changes to

users. (t0,51] ———[t1,t2]

So far we mentioned that performance would be affected @ Rep, < whep.,
by the use of allocated Web services and a simultaneous [InD}*"") — Cap,| |J/nT)£tj;2] — Cap,_,|
obtained feedback. As mentioned before, a community with here
overloaded inDemand cannot obtain an acceptable feedbac sl |j] X Repltott! 4 Repltortt]
and adversely, an idle community cannot manage to opti- Rep, ;" = J|j| il

mally use its resources. Therefore, both cases are not pre- 1]
ferred and in general, a community that can optimally bal-InD, ;" = InD{*" 4 [nDY"]  Cap, . = Cap;+ Cap;



—— [t1,t2] . Table |

Rep,_,; represents the merged current reputation value ENVIRONMENT SUMMARIZATION OVER THE OBTAINED
with the average reputation value of communjtyThere- MEASUREMENTS
fore, the ob_talned/v\al[gft 2:/]vould Ee\the new ave_rage reputation Type | Density QoS Capacity 1
of community;. InD,_,; andCap,_,; respectively repre- CWS‘ 40.0% [20.0%, 80.0%] [100,300] 10.0%

sent the new inDemand and capacity after join. The join is SWS | 60.0%  [20.0%, 95.0%]  [10,20]  15.0%

encouraged either when the communitg overloaded with

many users or when the communitgannot attract enough o [to,t1] :

users that satisfy its Web services. In the first case, the mast@f capacity limitation (nDg""" > Caps). In the imple-

of communityi compares its current performance level ~mented prototype, CWSs are composed gT%strlbuted Web
with the expected of thatf{_. ;) upon join to communityj. ~ S€rvices and community componentéa(a agents).

In this case the overloaded users would be handled once tH1® @gent reasoning capabilities are implemented as Java
capacity of the community would be increased. This mean§1odules. Agents are equipped with reasoning functional-

that the community can share some of its own resources if ities that enable them to decide about course of actions

needed and thus, the total requests for commuhnitould to take. Besides communities, the testbed environment is
be handled. To this end. the valign DIt — Cpy| is @ISO populated with numerous usera(a©T™ agents)
—[tits] ! ! that are programmed to look for services being offered

smaller thar|InD;_;~ —Cap;_;| in the sense that the total 1, seryice providers. Users in general provide feedback
performance level is higher. This may even happen wheRegarding the quality of the offered service than rank com-
the community: faces a decrease in its present reputation, ity reputation. The simulation consists of a series of

i—J

A /\[t it ] . . . . . .
value Repl™"l > Rep,_;"). We simplify the presented empirical experiments tailored to show different parameters
inequality in order to obtain the following inequality, which of system components in diverse aspects. Table | summarizes
defines the threshold by which the join is preferred. the simulated environment which is populated with users
and providers. Users are multiple and scattered over the
[InD") — Cap| x © — v(1 — ©) > |@£t:;2] — Cap,_,| environment, but providers are divided into communities
. (CWS) and Single Web Services (SWS). CWS cot@h%
where® — iﬁpﬁ}:] of providers while SWS are moré.0%). In the simulated

environment, we deployed relatively lower quality of service
for CWSs to motivate their higher performance from their
request handling rather than solely their service qualities. In
general, CWS host at leas0 Web services, which covers
at least100 requests at a time, while a single Web service
Qandleslo at a time. The drop factop is also relatively
all in a CWS due to its higher capabilities compared to
S.
One of the main reasons that distracts service provider’s
overall performance Ks or Pg) is its reputation update
\InD"") — Cap;| > |@£t_{’;2] _ @Hﬁ range. Since they are associated with a reputation level as
_ ) ) _a result of provided feedback by the users, if the number
In the second case of failure in which the community of interacting users is relatively low, the update over the
i cannot attract en/ogg[th tu]:sers/v\wth respect to Its presenppytation rank would be more visible than the case when
capacity, the vaIu¢InD1-_ljj2 — Cap,_,;| is still such high  the number of interacting users is relatively high. Figure 1
that causes a low performance level for commurityof  shows characteristics of CW®) in the left part and SWS
course this community would be happy to join anotherS in the right part. Plots reflect average values that have
communityj as long as it can increase its inDemand (smallebbeen measured as a result of analysis over all communities

D Cap,_.,|) and reputation values. In this case Of the same typePlots(a) and (c) respectively represent

In the simplified inequality, the parametér represents
the comparison of the communitys reputations before
and after join to communityj. Therefore, the community
7 would be encouraged to join communijyeven though
its reputation is decrease® (< 1). In this case, the join is
beneficial as long as the total performance is higher. Her
we can consider the generic case that the reputation remai
unchanged® = 1). Therefore, the join is beneficial if we
get the following.

i—J . . .
the condition that is shown is the previous inequalities isthe reputation increase for the same number of RUNs while
obtained easily. both C and .S are gaining high reputation. Since number of

interacting users wittt is lower than that ofC, the effect

V. EMPIRICAL OBSERVATIONS AND ANALYSIS that positive feedback make on the reputation valuesof

In this section, we provide an empirical analysis overis relatively high compared to the effect @n. Similarly
the observed results regarding characteristics of a typicakputation degradationplot(b) for C' and plot(d) for S)
communityC' and a single Web servicg. We motivate the shows dramatic change in single Web service compared to
join option by depicting the challenges that a single Web serCWS. Overall, such high range of change reflects lower
vice S faces when it cannot handle further requests becauseedback density, which also reflects lower market share
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Figure 1. Characteristics of CWSs vs. SWSs.

(InD!" < Do), This is normal since single Web
service would share a small portion of the market. We
elaborate on the effect of such a range morepiots(e)
and (g). In these plots, the horizontal line represents a
community’s capacity. What is interesting in these plots
is the way that inDemand approaches capacityplbit(e),

we observe closer oscillating curve compared to that ir‘tigure 5
plot(g). CommunityC handles its user increase until it gets over time.
overloaded (nD!*"") > Cap¢) and starts to offer lower
quality services. Therefore, being overloadétdgets some
negative feedback that cause a drop in inDemand. Onc¢

handling the requests agaihn(D[éO’tl] < Capc¢), C obtains

Reputation

Measurments
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Evolution of cooperative parameters for a single Web service
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good feedback that increase its inDemand agbhrﬂﬁ“”b.
But not necessarily}C would obtain the same inDemand Time Time
[t1,t2 Plot (m) Plot (n)

as before [nD < InD[CtO’“]), and that is simply as
a result of users’ evaluations that might not show intereskigure 3. Evolution of cooperative parameters for a community of Web
requestingC again. In general, inDemand value would be services over time.

relaxed by capacity and that is the point whérehandles

user requests at best thanks to collaboration between Web

services that share users. Such relaxation would take muafooperative parameters impacts over time. In this case, once
longer time with S and that is due to its lower number the reputation increases, the users requesting the service
of interacting users. As shown iplot(g), the inDemand increase, and thus the dot points (assigned for each user)
curve oscillates in a higher range and takes more time tétook more crowded around the reputation curve. Once rep-
merge withS’s capacity level. We also show this fact with utation exceeds sucfiaps value, users are dispersed and
performance parameter iplots(f) and (k). As discussed inDemand undergoes a faster decreaBit(l) illustrates

in Section 1V, performance is affected by community’s more information as inDemand, reputation, and satisfactions
efficiency in minimizing the difference between its capacity parameters are represented. In this plot, inDemand gets the
and inDemand values. As shown jifot(f), C' as a good highest value since a high reputation is followed by a large
community obtains an interesting performance- > 0)  number of requests while satisfactions look more steady. In
over time whileS (seeplot(h)) gets decreased\(Ps < 0).  contrast, after a low quality service, all curves head down
Performance parameter can be considered as obtained utiligmong which, inDemand decreases more since users stop
(or payoff) as a result of acting either alone or with otherrequesting until such a single Web service manages to handle
Web services in a community. user requests again.

We continue our discussions in more details by comparing Figure 3 illustrates the same structure analyzing the pa-
how the aforementioned parameters evolve over time. Imameters regarding typical communify hosting some Web
Figure 2, the reputation level of a typical single Web services. In this Figureylot(m) depicts a more normal rep-
service S is depicted inplot(k) while the horizontal line utation adjustment over it€'apc value and the crowd over
representsS’s capacity Capg). In these plots, character- such reputation value show a more stable inDemand, which
istic of a typical Web service is measured to observe itgeflects C's stable market share. This is more elaborated



in plot(n) once the curves tend to approach each other atheoretical and empirical work that takes into account the
the end. This extends to more details about parameters afystem parameters and motivates higher performance even
a stable community that managed to maintain a tradeoffinder lower reputation level. In this analysis, single Web
between its capacity and inDemand. services are allowed to predict their further reputation level
(and thus, performance) that let them make the best decision.
VI Our plan for future work is to advance the discussion to
In the literature, the reputation of Web services hasanalyze the concept of join in a more systematic way. To this
been intensively stressed [9], [10]. In [1], the authors haveend, a repeated game can be defined between a community
developed a framework aiming to select Web services baseahd a single Web service with assigned payoffs as a result
on trust policy that users express. The framework allowf their selected strategies. In the performance analysis, we
the users to select a Web service matching their needs ameed to elaborate more on the expected performance after
expectations. In [8], the authors have designed a multi-agerjoin and consider possible cases that might discourage a
framework based on an ontology for QoS. Users’ ratingssingle Web service to join a larger community. Similarly,
according to the different qualities are used to compute thave need to discuss more about the community that could
reputation of the Web service. In [5], [7], some Web servicegefuse to accept the join of a single Web service.
reputation mechanisms have been proposed, that would lead

RELATED WORK

to an effective service selection, and in [4], service-level

agreements are discussed in order to set the penalties ove

the lack of QoS for the Web services. All these models

address the reputation in environments where Web servicii

function alone. In these models, Web service performanc
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